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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a method of growing a semiconductor, 
such as a nitride III-V compound semiconductor on a substrate that has a lattice 
constant and a thermal expansion coefficient, different from those of the 
semiconductor without producing warpage or fissures, and a method of manufacturing 
a semiconductor substrate and a semiconductor device by the use of this growing 
method of a semiconductor. 

SOLUTION: In a semiconductor growing method, where a nitride III-V compound 
semiconductor such as a GaN semiconductor is formed on a substrate, such as a 
sapphire substrate formed of a material different from that of the compound 
semiconductor using a growing mask, a growing mask 4 which contains at least a 
pattern that is threefold or sixfold symmetrical is used as the growing mask. A pattern 
which is threefold symmetrical is a regular triangle, and a pattern which is sixfold 
symmetrical is a regular hexagon. In this way, a nitride III-V compound 
semiconductor thick layer is selectively grown, and then the substrate is removed by 
lapping or the like so as to obtain only the nitride III-V compound semiconductor 
layer, and a semiconductor device such as a GaN semiconductor laser is manufactured 
using the compound semiconductor layer as a substrate. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The growth technique of the semiconductor characterized by using the growth mask which contains at least the pattern which 
has the symmetry or symmetric property symmetrical with 6 times about 3 times as the above-mentioned growth mask in part in the 
growth technique of a semiconductor of having been made to carry out the selective growth of the semiconductor on the substrate which 
consists of a material different from this semiconductor using a growth mask. 

[Claim 2] The growth technique of the semiconductor according to claim 1 characterized by using the growth mask which consists of a 
repeat pattern of the pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times as the 
above-mentioned growth mask. 

[Claim 3] The above-mentioned semiconductor is the growth technique of the semiconductor according to claim 1 characterized by 
being a nitride system III-V group compound semiconductor. 

[Claim 4] The growth technique of the semiconductor according to claim 3 characterized by growing up the above-mentioned nitride 
system III-V group compound semiconductor by the halide vapor-phase-epitaxial -growth method or the hydride 
vapor-phase-epitaxial-growth method. 

[Claim 5] The growth technique of the semiconductor according to claim 3 characterized by growing up the above-mentioned nitride 
system III-V group compound semiconductor by the organic metalization study vapor growth, 

[Claim 6] The growth technique of the semiconductor according to claim 3 characterized by growing up the above-mentioned nitride 
system III-V group compound semiconductor by the molecular-beam-epitaxy method. 

[Claim 7] The above-mentioned substrate is the growth technique of the semiconductor according to claim 3 characterized by being the 
substrate which consists of sapphire, silicon carbide, a zinc oxide, a spinel, silicon, or a **-ized gallium. 

[Claim 8] The above-mentioned growth mask is the growth technique of the semiconductor according to claim 3 characterized by 
consisting of a dielectric. 

[Claim 9] The above-mentioned growth mask is the growth technique of the semiconductor according to claim 3 characterized by 
consisting of a silicon dioxide, silicon nitride, or an aluminum oxide. 

[Claim 10] The above-mentioned growth mask is the growth technique of the semiconductor according to claim 3 characterized by 
consisting of a cascade screen of at least two layers chosen out of the group which consists of a silicon-dioxide layer, a silicon-nitride 
layer, and an aluminum-oxide layer. 

[Claim 11] The above-mentioned growth mask is the growth technique of the semiconductor according to claim 3 characterized by 
consisting of the metal membrane or alloy layer which consists of at least one kind of metal chosen out of the group which consists of 
IVa group's metal, Va group's metal, Via group's metal, and nickel. 

[Claim 12] The abo^e-mentioned growth mask is the growth technique of the semiconductor according to claim 3 characterized by 
consisting of a cascade screen of the metal membrane or alloy layer which consists of at least one kind of metal chosen out of the group 
which consists of IVa group's metal, Va group's metal, Via group's metal, and nickel, and a dielectric film. 

[Claim 13] The above-mentioned growth mask is the growth technique of the semiconductor according to claim 3 characterized by being 
formed so that the plane of composition of the above-mentioned nitride system III-V group compound semiconductor which carries out a 
selective growth may turn into { 1 1-20} side or {1-100} side. 

[Claim 14] The manufacture technique of the semiconductor substrate characterized by using the growth mask which contains at least the 
pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times as the above-mentioned growth mask in 
part in the manufacture technique of a semiconductor substrate of having been made to carry out the selective growth of the 
semiconductor on the substrate which consists of a material different from this semiconductor using a growth mask. 
[Claim 15] The manufacture technique of the semiconductor substrate according to claim 14 characterized by using the growth mask 
which consists of a repeat pattern of the pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times 
as the above-mentioned growth mask. 

[Claim 16] The above-mentioned semiconductor is the manufacture technique of the semiconductor substrate according to claim 14 
characterized by being a nitride system III-V group compound semiconductor. 

[Claim 17] The manufacture technique of the semiconductor substrate according to claim 16 characterized by growing up the 
above-mentioned nitride system III-V group compound semiconductor by the halide vapor-phase-epitaxial-growth method or the hydride 
vapor-phase-epitaxial-growth method. 

[Claim 18] The manufacture technique of the semiconductor substrate according to claim 16 characterized by growing up the 
above-mentioned nitride system III-V group compound semiconductor by the organic metalization study vapor growth. 
[Claim 19] The manufacture technique of the semiconductor substrate according to claim 16 characterized by growing up the 
above-mentioned nitride system III-V group compound semiconductor by the molecular-beam-epitaxy method. 
[Claim 20] The above-mentioned substrate is the manufacture technique of the semiconductor substrate according to claim 16 



characterized by being the substrate which consists of sapphire, silicon carbide, a zinc oxide, a spinel, silicon, or a **-ized gallium. 
[Claim 21] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 16 
characterized by consisting of a dielectric. 

[Claim 22] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 16 
characterized by consisting of a silicon dioxide, silicon nitride, or an aluminum oxide. 

[Claim 23] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 16 
characterized by consisting of a cascade screen of at least two layers chosen out of the group which consists of a silicon-dioxide layer, a 
silicon-nitride layer, and an aluminum-oxide layer. 

[Claim 24] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 1 6 
characterized by consisting of the metal membrane or alloy layer which consists of at least one kind of metal chosen out of the group 
which consists of IVa group's metal, Va group's metal, Via group's metal, and nickel. 

[Claim 25] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 16 
characterized by consisting of a cascade screen of the metal membrane or alloy layer which consists of at least one kind of metal chosen 
out of the group which consists of IVa group's metal, Va group's metal, Via group's metal, and nickel, and a dielectric film. 
[Claim 26] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 16 
characterized by being formed so that the plane of composition of the above-mentioned nitride system III-V group compound 
semiconductor which carries out a selective growth may turn into {1 1-20} side or {1-100} side. 

[Claim 27] The manufacture technique of the semiconductor substrate according to claim 14 characterized by removing the 
above-mentioned substrate after carrying out the selective growth of the above-mentioned semiconductor. 
[Claim 28] The manufacture technique of the semiconductor substrate according to claim 14 characterized by removing the 
above-mentioned substrate by a wrapping or etching after carrying out the selective growth of the above-mentioned semiconductor. 
[Claim 29] The manufacture technique of the semiconductor device characterized by using the growth mask which contains at least the 
pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times as the above-mentioned growth mask in 
part in the manufacture technique of a semiconductor device of having been made to carry out the selective growth of the semiconductor 
on the substrate which consists of a material different from this semiconductor using a growth mask. 

[Claim 30] The manufacture technique of the semiconductor device according to claim 29 characterized by using the growth mask which 
consists of a repeat pattern of the pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times as the 
above-mentioned growth mask. 

[Claim 31] The above-mentioned semiconductor is the manufacture technique of the semiconductor device according to claim 29 
characterized by being a nitride system III-V group compound semiconductor. 

[Claim 32] The manufacture technique of the semiconductor device according to claim 31 characterized by growing up the 
above-mentioned nitride system III-V group compound semiconductor by the halide vapor-phase-epitaxial-growth method or the hydride 
vapor-phase-ep i tax i a 1 -growth method . 

[Claim 33] The manufacture technique of the semiconductor device according to claim 3 1 characterized by growing up the 
above-mentioned nitride system III-V group compound semiconductor by the organic metalization study vapor growth. 
[Claim 34] The manufacture technique of the semiconductor device according to claim 31 characterized by growing up the 
above-mentioned nitride system III-V group compound semiconductor by the molecular-beam-epitaxy method. 
[Claim 35] The above-mentioned substrate is the manufacture technique of the semiconductor device according to claim 3 1 
characterized by being the substrate which consists of sapphire, silicon carbide, a zinc oxide, a spinel, silicon, or a **-ized gallium. 
[Claim 36] The above-mentioned growth mask is the manufacture technique of the semiconductor device according to claim 3 1 
characterized by consisting of a dielectric. 

[Claim 37] The above-mentioned growth mask is the manufacture technique of the semiconductor device according to claim 31 
characterized by consisting of a silicon dioxide, silicon nitride, or an aluminum oxide. 

[Claim 38] The above-mentioned growth mask is the manufacture technique of the semiconductor substrate according to claim 3 1 
characterized by consisting of a cascade screen of at least two layers chosen out of the group which consists of a silicon-dioxide layer, a 
silicon-nitride layer, and an aluminum-oxide layer. 

[Claim 39] The above-mentioned growth mask is the manufacture technique of the semiconductor device according to claim 3 1 
characterized by consisting of the metal membrane or alloy layer which consists of at least one kind of metal chosen out of the group 
which consists of IVa group's metal, Va group's metal, Via group's metal, and nickel. 

[Claim 40] The above-mentioned growth mask is the manufacture technique of the semiconductor device according to claim 3 1 
characterized by consisting of a cascade screen of the metal membrane or alloy layer which consists of at least one kind of metal chosen 
out of the group which consists of IVa group's metal, Va group's metal, Via group's metal, and nickel, and a dielectric film. 
[Claim 41] The above-mentioned growth mask is the manufacture technique of the semiconductor device according to claim 3 1 
characterized by being formed so that the plane of composition of the above-mentioned nitride system III-V group compound 
semiconductor which carries out a selective growth may turn into { 1 1-20} side or {1-100} side. 

[Claim 42] The manufacture technique of the semiconductor device according to claim 29 characterized by removing the 
above-mentioned substrate after carrying out the selective growth of the above-mentioned semiconductor. 
[Claim 43] The manufacture technique of the semiconductor device according to claim 29 characterized by removing the 
above-mentioned substrate by a wrapping or etching after carrying out the selective growth of the above-mentioned semiconductor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention is applied to a manufacture of the semiconductor laser, the 
light emitting diode, or the electronic run element using the nitride system III-V group compound semiconductor about the growth 
technique of a semiconductor, the manufacture technique of a semiconductor substrate, and the manufacture technique of a 
semiconductor device, and is suitable. 
[0002] 

[Description of the Prior Art] In recent years, the development of semiconductor light emitting devices, such as semiconductor laser 
which can obtain the photogenesis to an ultraviolet region from a visible region, and light emitting diode, is actively performed using 
nitride system III-V group compound semiconductors, such as AlGalnN. It is asked for utilization of the semiconductor laser from which 
photogenesis of a short wavelength region is obtained in order to raise recording density, such as an optical disk, in the field of optical 
recording also especially in it. 

[0003] Recently, in AlGalnN system semiconductor laser, the continuous oscillation of 300 hours in a room temperature is attained by 
growing up a nitride system III-V group compound semiconductor layer by the organic metalization study vapor-growth (MOCVD) 
method through the buffer layer which consists of a gallium nitride (GaN) on silicon on sapphire (JpnJ.Appl.Phys.35, L74 (1996), 
Jpn,J.Appl.Phys.36, LI 059 (1997)). However, the nitride system III-V group compound semiconductor layer grown up on silicon on 
sapphire since silicon on sapphire differed also in a lattice constant and a coefficient of thermal expansion greatly from GaN is 1x108 to 
1x109. An individual / cm2 It has the penetration trusion (trusion which the trusion defect spread and ran through under the crystal) of a 
grade, and when this produces a light emitting device, it is the factor which determines the life. Therefore, in order to realize the 
practical life of 10,000 hours or more, it is required to reduce the density of this penetration trusion, and various studies are made until 
now. 

[0004] For example, although one of them has use of GaN substrate The technique of the present leading ** being carried out as the 
manufacture technique of GaN substrate Grow up GaN layer through a buffer layer on silicon on sapphire, and the growth mask which 
formed the silicon-dioxide (Si02) layer of the shape of a stripe of 1-4 micrometer width of face in the 7-micrometer pitch is formed on 
it. After making longitudinal direction carry out the selective growth of the GaN layer by the chloride vapor-phase-epitaxial-growth 
method on silicon on sapphire using this growth mask, GaN substrate is manufactured by removing silicon on sapphire 
(Jpn.J.Appl.Phys.36 and L899 (1997)). It is the density of the penetration trusion of GaN layer which grew on the growth mask 
according to this technique, i.e., GaN substrate, 1x107 An individual / cm2 It can decrease even to a grade. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the manufacture technique of the above-mentioned conventional GaN substrate, 
asymmetry by the coefficient-of-thermal-expansion difference with silicon on sapphire becomes large as a growth thickness increases, 
although it decreases, and curvature and a crack produce the density of the penetration trusion of a growth phase at the time of the 
temperature fall after a crystal growth. For this reason, a chip and a crack will increase at the time of a wrapping at the elimination 
process of silicon on sapphire, and the manufacture yield of a substrate will become very low. Moreover, when a light emitting device 
was produced on this GaN substrate that curved, there were various problems the depth of focus of an aligner cannot correspond to 
curvature - at the time of the exposure in the photo-lithography process performed after a crystal growth. 

[0006] Therefore, even if the purpose of this invention grows up the thick film of semiconductors, such as a nitride system III-V group 
compound semiconductor, on the substrate from which a lattice constant and a coefficient of thermal expansion are different, it is to offer 
the growth technique of the semiconductor which neither curvature nor a crack generates, the manufacture technique of the 
semiconductor substrate using this growth technique, and the manufacture technique of a semiconductor device. 
[0007] 

[Means for Solving the Problem] If according to the study of this invention person the crack and curvature of the growth phase which is 
the trouble of the above-mentioned conventional technique have the critical point in the stress generated in the growth phase according 
to the coefficient-of-thermal-expansion difference with a substrate and stress exceeds it, a crack will arise in a growth phase, and when 
stress is less than [ it ], it is discovered as curvature. And as a result of inquiring zealously, it found out that it was regular in the 
orientation which this crack produces. Specifically by the growth phase which consists of nitride system III-V group compound 
semiconductors, such as GaN, it found out generating a crack in parallel with the {1 1-20} **** or {1-100} ****. Moreover, when this 
invention person grew up the semiconductor alternatively through the growth mask which has a stripe-like pattern, he found out that the 
crack of the orientation in alignment with the stripe decreased. 

[0008] The crack and curvature of a growth phase decrease sharply by forming a growth mask so that the plane of composition of the 
nitride system III-V group compound semiconductor which carries out a selective growth may turn into {1 1-20} side or {1-100} side 
from these things. What specifically consists of a pattern which has the symmetry or symmetric property symmetrical with 6 times 3 



0011 That is, in order to attain the has the symmetry or symmetric property symmetncal 

growth ">»*, and using the growth mask which conums »t ^ » P«™ ^ semicond ^ Ior of na ,i„ g been made to carry out the 
with 6 times about 3 times as a growth mask m ^^ej^^J^rt,, different from this semiconductor, 
selective growth of the semiconductor on the su bs™ which """"^ mask whicn contains „ least the pattern which has 

[00 12] It is characterized by invention of the 2nd of his nventio ™e^« mask ,„ „ ln the manufacture technique of a 

ST sr.;si=" o 6 :r SiUwth j» — » - - — . ~- - 

grlh of thf semiconductor on ,h. substrate which consists of a 
material different from this semiconductor using a growth mask. . . svmmetr y or symmetric property symmetrical with 

P^SS^ SmlfanSrn Ich £ ^metric property symmetrica, 

with 6 times may be intermingled. selective growth is a nitride system 111-V group 

[0015] Typically in this invention, the semiconductor ^..f^^^^^,^ consists of at least one kind of 111 

sr m =ru«^^ 

^ - A,oaN ' A,K GalnN ' AIGalnN ' 

SSi^ * mention, the haiide v*»*-«f!^^ T^^^^^^ 

metnod^mole^lar-beam-^ • A* — ,,-V group compound 

semiconductor. ei ,u ofra ^ arrm-riins to the semiconductor which should carry out a selective 

[0017] In this invention, although what ^^.^f^SZtZ HI-V group compound semiconductor especially, what 
growth is used, when carrying out the selective growth ot *»^*V^ (Si g ) a **. ize d gallium (GaAs), etc. is used suitably. As a 
fonsists of sapphire, silicon carbide (SiC), a ^^^^ °on dioxide, What Lsists of silicon nitride (SiN), an 
growth mask, specifically Moreover, a dielectric (Si02), for ex ample, a si »«™ a '?^ f h which consists 0 f a layer of 

aluminum oxide (aluminum2 03), etc The cascade sc reen of a least ^^^^\ J n J s of the meta l membrane or alloy 
these dielectrics, IVa group's metals (T., Zr, Hf etc.), and Va ^psmeto 10 1 N « V L Mo, W, etc.) and 

,ayer which consists of at least one kind of metals chosen out ^^^^^^S, c0 P nsis t s of at least one kind of metal 

i^?;^^ gLp s meta1 ' and nicke1 ' and a die,ectric f " m 

used. , *uu\a nut » selective erowth is a nitride system III-V group compound 

wrapping, etching, etc. remove a substrate contains at , east the pattern wnich has the 
[0020] In this invention constituted as mentioned above By using «?J^™ m * h selective wth of the 

ymmetry or symmetric property symmetncal with 6 times about 3 ™ P w th mask, In the fraction of the pattern 

nitride system III-V group compound semiconductor 'darned ^ton^ a substrate using ^ ^ ^ since the plane of 

|fe Sc' ct =u^^ t= .^jS^EX^, a thick f.,m, occurrence of the crack or 

curvature can be prevented. 

[Sdiments of the Mention] Hereafter, it explains, referring to a »out *e ^ ^ " 

he complete diagram of the operation gestalt, the same sign is given to an .dent ^ « ■^iSon«s«lt of this invention is explained. 
[0022] First, the manufacture technique of Ga* system -miconducto^ ^^^^ SCH (Separate Confinement 
This manufacture technique is shown in drawing 1 - view 8 . This GaN system semiconaucro 

Heterostructure) structure. . ... saDD hire 1 is prepared, and thickness grows up 

[0023] In this 1st operation gestalt, first, as shown in drawmgl ; Cth page «hcon ™ «P£ P P^ Qn jt This GaN buffer layer 
GaN buffer layer 2 which is 30nm at the temperature of 520 degrees C for example, Dy 



2 consists of _ ^ ^ - s — ^'^i^^r^^ of 

ynrvn method on this GaN buffer layer 2. rWees C bv CVD on the substratum GaN layer 3 as 

STSextSi02 whose thickness is 0.1 micrometers at the ^^f^^^SX photo-lithography method and the 
Ei S towing 2 This Si02 after forming a layer Pattermng of the lay r corned o* by P ^ ^ in drawing 3 , th s 

S55s nSsrfa the growth mask 4 ^f^.^S^^S^^^ haS T^f' 
JoSmask 4 has the mask pattern ^^^^^^SS^n, side of the pattern of the equilateral mangle 

mlc^^^ 

[ 1000 degree's C by the chloride v-pori*^^ arnmonia (NH3) gas by 11. the flow rate for / or, 

5, after, heating Cth page silicon on sapphire 1 to WO degrees C ' ' p is S supp ii ed . As for the conditions of supply of GaCl 

a metal Ga, hydrogen chloride (HC.) gas is ^^^^^K^ of this selective growth, the P^ne of compos.non of 
gas, a growth rate is made to become o'clock in about 40m ! crom f ters ^ ' ™ section 4b from on the substratum GaN layer 3 of each 
GaN layer which carries out a selective growth to long.tud.na ^^^^^ growth mask 4 is parallel to the <1 1-20> 
opening 4a of the growth mask 4 When the ^^.^^^SS^ side of opening 4a of the equilateral mangle of 
orientation of Cth page silicon on sapphire!, sapphire 1, it becomes {1-100} side of GaN. If the 

the growth mask 4 is parallel to the <1-100> ."^^ ° f ^ d ^' J^SS X 5 of the thick film of the single crystal with 
selective growth of the 1 hour GaN is earned out ^^J^S about 40 micrometers will be obtained. The oriental 

with the light microscope were not seea mechanically , it rem oves and only the GaN layer 5 by which the selective growth was 

[0028] Next, as shown in drawing 6 , by wrapping ™ ec ™ n ™"l' . rear . face side 

carried out is taken out for Cth page silicon on *W^}*^*Z^JZ^*fo way and was obtained is used as a GaN 
0029] Next, as shown in drawing 7 , the GaN layer 5 of the ^ J"™ ™ „ ^ GaN lightguide 7 8, for example, the 

substrite. On it by for example, the MOCVD meho The ^A™^^^^ layer 9, the p type GaN lightguide 10, 
barrier layer of Gal-x Inx N/Gal-y Iny N multiplex q^^ 1 f^^^Z by one. Here, since the GaN layer 5 used as the 
the p type AlGaN clad layer 1 1 And the p type GaN contort ^yer 2 s | r ^n y also serye as the single crystal Wlth a 

substratum of these layers is a single crystal w.th ^^^^^^6 which is a layer which does not contain In here, 
quality low crystal-defect density. Growth temperature of then type ; AJbaN ciao .ay ciad ^ p ^ 

*en type GaN lightguide 7, the p type AlGaN cap layer *e P ^0^> blrl'ilr layer 8 of the Gal-x Inx N/Gal-y InyN 

GaN contact laye? 12 is made into about 1000 degrees C. Growth MoreoV er, as for example, a Ga raw 

SuUi lex quanLn we., structure which is a layer ^^^^^^^S^ .ayers as' trimethylindium (CH3) (3In) 
material, ammonia (NH3) is used for the ^ ra w material as trimethylgallium (CH3) (3 Ga) and an 

and an N raw material as a trimethylalum.num (CH3) (3 alun »n u ™^^ n ™J and nitrogen (N2 ) is used, for example. As an n type 
aluminum raw material. Moreover, as carrier gas, ^T^^^^^i^^ mono silane (SiH4) and a p type 
dopant, for example, methylcyclopentadienyl magnesium (MCp) (2 Mg ,) i usee to v micrometers and the n type 

dopant moreover-- if an example of these la^h^ss s ,s g v J " the n jpe A GaN Cad y^ ^ ^ ^ md 
GaN lightguide 7, 0. 1 micrometers and the p type AlGaN ty AlGaN clad layer 1 1 Then, heat treatment for an 

the p type GaN contact layer 12 to 0.5 micrometers {m ™™ c ™£™!^ type GaN lightguide 1 0, the p type AlGaN clad layer 1 1 , 
electric activation of the acceptor doped by the p type is made into about 700 degrees C. 

and the p type GaN contact layer 12 is performed. Temperature of this h ^™"™ , 15 conflKU ration of predetermined width of 

So^K as shown in d^ , after ^S^^ * 1 mWdte ° f «* ^ 

face on the p type GaN contact layer 12, it etches by the react ve joiv eiu g y , formed 

orientation ofThe p type AlGaN clad layer 1 1, «^^5fS^ru^£mrfon the p type GaN contact layer 12 of the 

kls r« - * — - - - face of the GaN ,ayer 5> 1 e ' 

foO^after processing the GaN layer 5 in which £er «re ^formed ^^^^^^ 
of a bar by the cleavage, forming both the resonators Smng^J « is manufactured by the above, 

chip-ized by the cleavage. GaN system semiconductor aser ^"^penlg 4a of an equilateral-triangle pattern which has 
[0033] As mentioned above, according to this 1st opera tion ' S^J^y^ GaN layer 5 using the growth mask 4 which has the 
ymmetric property symmetrical with 3 times ; carries ^^^^^^pLion difference with Cth page silicon on 
mask pattern arranged through mask sect.on 4b, the stress by the ^'^7^^ r Lon, even if it grows up the GaN layer 5 of a 
sapphire 1 is eased, and this GaN layer 5 can stop ^^"^^SS^ the GaN layer of a quality single crystal can be 
thick film, occurrence of the crack or f^^^^^f^J^^ of c Jvature, in order to take only the GaN layer 
obtained. Thus, by the ability preventing the crack.of the GaN layer 5, ana 



5, to come out and to carry out, in case a wrapping removes Cth page silicon on sapphire 1, there is no problem on which a chip and a 
crack increase, and GaN substrate can be manufactured by the high yield. And by growing up GaN system semiconductor layer which 
forms laser structure, forming the ridge section further, and forming the p lateral electrode 13 and the p lateral electrode 14 on GaN 
substrate which does in this way and is obtained GaN system semiconductor laser which has the structure where p lateral electrode was 
formed in the element front face, and n lateral electrode was formed in the substrate rear face like GaAs system semiconductor laser can 
be efficiently manufactured by the high yield by resonator end-face formation by the usual cleavage. Moreover, since GaN substrate is 
flat, the problem that it cannot correspond to curvature does not have the depth of focus of an aligner at the time of the exposure in the 
photo-lithography process performed after a crystal growth, either. Furthermore, degree of freedom in the manufacturing process of GaN 
system semiconductor laser can be made high by using GaN substrate. 

[0034] Next, the manufacture technique of GaN system semiconductor laser by the 2nd operation gestalt of this invention is explained. 
[0035] In this 2nd operation gestalt, the thing of a pattern configuration which is shown in drawing 9 is used as a growth mask 4 formed 
on the substratum GaN layer 3. As shown in drawing 9 , this growth mask 4 has the mask pattern by which opening 4a of a right 
hexagonal-method pattern which has symmetric property symmetrical with 6 times was arranged through mask section 4b of 
predetermined width of face. The side of opening 4a of the right hexagonal method of this growth mask 4 is made to become parallel to 
the <1 1-20> orientation of Cth page silicon on sapphire 1, or the <1-100> orientation here. Moreover, the length of the side of opening 
4a of the right hexagonal method of this growth mask 4 is set to 7 micrometers, and width of face of mask section 4b between them is set 
to 3 micrometers. Since other things are the same as that of the 1st operation gestalt, they omit an explanation. 
[0036] Also according to this 2nd operation gestalt, the same advantage as the 1st operation gestalt can be acquired. 
[0037] Next, the manufacture technique of GaN system semiconductor laser by the 3rd operation gestalt of this invention is explained. 
[0038] In this 3rd operation gestalt, as shown in drawing 1 0 , the growth mask 4 is directly formed on Cth page silicon on sapphire 1. As 
this growth mask 4, the thing of a mask pattern which is shown in the drawing 3 or the drawing 9 is used. And the selective growth of the 
GaN layer 5 is carried out on Cth page silicon on sapphire 1 using this growth mask 4. Since other things are the same as that of the 1 st 
operation gestalt, they omit an explanation. 

[0039] Also according to this 3rd operation gestalt, the same advantage as the 1st operation gestalt can be acquired, and also by carrying 
out the selective growth of the GaN layer 5 directly on the Cth page silicon on sapphire 1 in which the growth mask 4 was formed, 
growth required for a manufacture of GaN substrate can be managed at once, therefore can acquire the advantage that a reduction of the 
manufacturing cost of GaN system semiconductor laser can be aimed at. 

[0040] As mentioned above, although the operation gestalt of this invention was explained concretely, this invention is not limited to the 
above-mentioned operation gestalt, and various kinds of deformation based on the technical thought of this invention is possible for it. 
[0041] for example, the 1- it may not pass over the numeric value mentioned in the 3rd operation gestalt, structure, a substrate, a raw 
material, a process, etc. for an example to the last, but the numeric value different from these, structure, a substrate, a raw material, a 
process, etc. may be used if needed 

[0042] concrete ~ the 1- in the 3rd operation gestalt, although the HVPE method is used for the selective growth of the GaN layer 5, you 
may use the MOCVD method and the MBE method instead of the HVPE method if needed Moreover, you may use the MBE method 
and the HVPE method for growth of GaN system semiconductor layer which forms GaN buffer layer 2, the substratum GaN layer 3, and 
laser structure instead of the MOCVD method. 

[0043] furthermore, the 1- in the 3rd operation gestalt, although the case where this invention was applied to a manufacture of GaN 
system semiconductor laser was explained, this invention may be applied to a manufacture of GaN system light emitting diode, and may 
be further applied to a manufacture of GaN system electronic run elements, such as GaN system FET 
[0044] 

[Effect of the Invention] As explained above, even if it grows up the thick film of semiconductors, such as a nitride system 1II-V group 
compound semiconductor, on the substrate from which a lattice constant and a coefficient of thermal expansion are different by using the 
growth mask which contains at least the pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times 
as a growth mask in part according to this invention, it can prevent that curvature and a crack occur. And a semiconductor substrate can 
be manufactured using the semiconductor layer of the thick film by which a selective growth is carried out by doing in this way, and 
various kinds of semiconductor devices can be further manufactured using this semiconductor substrate. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] Especially this invention is applied to a manufacture of the semiconductor laser, the 
light emitting diode, or the electronic run element using the nitride system III-V group compound semiconductor about the growth 
technique of a semiconductor, the manufacture technique of a semiconductor substrate, and the manufacture technique of a 
semiconductor device, and is suitable. 
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PRIOR ART 



[Description of the Prior Art] In recent years, the development of semiconductor light emitting devices, such as semiconductor laser 
which can obtain the photogenesis to an ultraviolet region from a visible region, and light emitting diode, is actively performed using 
nitride system III-V group compound semiconductors, such as AlGalnN. It is asked for utilization of the semiconductor laser from which 
photogenesis of a short wavelength region is obtained in order to raise recording density, such as an optical disk, in the field of optical 
recording also especially in it. 

[0003] Recently, in AlGalnN system semiconductor laser, the continuous oscillation of 300 hours in a room temperature is attained by 
growing up a nitride system III-V group compound semiconductor layer by the organic metal ization study vapor-growth (MOCVD) 
method through the buffer layer which consists of a gallium nitride (GaN) on silicon on sapphire (JpnJ.Appl.Phys,35, L74 (1996), 
Jpn.J.Appl.Phys.36, LI 059 (1997)). However, the nitride system III-V group compound semiconductor layer grown up on silicon on 
sapphire since silicon on sapphire differed also in a lattice constant and a coefficient of thermal expansion greatly from GaN is 1x108 to 
1x109. An individual / cm2 It has the penetration trusion (trusion which the trusion defect spread and ran through under the crystal) of a 
grade, and when this produces a light emitting device, it is the factor which determines the life. Therefore, in order to realize the 
practical life of 10,000 hours or more, it is required to reduce the density of this penetration trusion, and various studies are made until 
now. 

[0004] For example, although one of them has use of GaN substrate The technique of the present leading ** being carried out as the 
manufacture technique of GaN substrate Grow up GaN layer through a buffer layer on silicon on sapphire, and the growth mask which 
formed the silicon-dioxide (Si02) layer of the shape of a stripe of 1-4 micrometer width of face in the 7-micrometer pitch is formed on 
it. After making longitudinal direction carry out the selective growth of the GaN layer by the chloride vapor-phase-epitaxial-growth 
method on silicon on sapphire using this growth mask, GaN substrate is manufactured by removing silicon on sapphire 
(Jpn.J.Appl.Phys.36 and L899 (1997)). It is the density of the penetration trusion of GaN layer which grew on the growth mask 
according to this technique, i.e., GaN substrate, 1x107 An individual / cm2 It can decrease even to a grade. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, even if it grows up the thick film of semiconductors, such as a nitride system III-V group 
compound semiconductor, on the substrate from which a lattice constant and a coefficient of thermal expansion are different by using the 
growth mask which contains at least the pattern which has the symmetry or symmetric property symmetrical with 6 times about 3 times 
as a growth mask in part according to this invention, it can prevent that curvature and a crack occur. And a semiconductor substrate can 
be manufactured using the semiconductor layer of the thick film by which a selective growth is carried out by doing in this way, and 
various kinds of semiconductor devices can be further manufactured using this semiconductor substrate. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, by the manufacture technique of the above-mentioned conventional GaN substrate, 
asymmetry by the coefficient-of-thermal-expansion difference with silicon on sapphire becomes large as a growth thickness increases, 
although it decreases, and curvature and a crack produce the density of the penetration trusion of a growth phase at the time of the 
temperature fall after a crystal growth. For this reason, a chip and a crack will increase at the time of a wrapping at the elimination 
process of silicon on sapphire, and the manufacture yield of a substrate will become very low. Moreover, when a light emitting device 
was produced on this GaN substrate that curved, there were various problems -- the depth of focus of an aligner cannot correspond to 
curvature - at the time of the exposure in the photo- lithography process performed after a crystal growth. 

[0006] Therefore, even if the purpose of this invention grows up the thick film of semiconductors, such as a nitride system III-V group 
compound semiconductor, on the substrate from which a lattice constant and a coefficient of thermal expansion are different, it is to offer 
the growth technique of the semiconductor which neither curvature nor a crack generates, the manufacture technique of the 
semiconductor substrate using this growth technique, and the manufacture technique of a semiconductor device. 
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